We have investigated the effect of propofol on isolated rabbit mesenteric arteries and veins. Isometric tension was measured in rings of arteries (with or without endothelium) or veins in organ chambers. The preparation was stimulated with noradrenaline 10 ) of noradrenaline-induced contractions of arteries. Propofol did not affect caffeineinduced contractions after pretreatment with increased Ca 2; . We conclude that propofol has a more potent vasodilator effect on veins than on arteries. Vasoconstriction induced by propofol may be associated with inhibition of endothelium-derived relaxing factor, whereas vasodilatation induced by propofol may be associated with block of voltagegated influxes of extracellular Ca 2; . (Br.
Propofol is known to produce relatively marked hypotension after induction of anaesthesia [1] . Several investigators reported that propofol has little effect on intrinsic myocardial contractility, and at clinically relevant blood concentrations has no direct negative inotropic effect in humans and canines [2, 3] , Others have suggested that hypotension after administration of propofol is caused by a decrease in systemic vascular resistance [4] . Muzi and colleagues, using venous occlusion plethysmography, found that during propofol anaesthesia in humans, there is dominant inhibition of venous tone in contrast with arterial tone [5] . Although this study suggested that the reduction in systemic vascular resistance was responsible for the hypotension, the mechanisms underlying the inhibitory action of propofol on arteries and veins have not been fully investigated.
In this study, we have investigated the direct effect of propofol on rabbit mesenteric arteries and veins using noradrenaline-and K ; -induced contractions, and compared the effects of propofol on these vessels in the presence or absence of endothelium. We investigated also the effects of propofol on endothelium-derived relaxing factor (EDRF) from the endothelium and on Ca 2; release from intracellular stores.
Materials and methods

PREPARATIONS
This study was approved by the Institutional Animal Care Committee of Toyama Medical and Pharmaceutical University. We studied male Nippon White rabbits, weighing 1-2 kg. After administration of heparin l.5 mg kg 91 i.v., the rabbits were anaesthetized with pentobarbitone 70 mg kg 91 i.v. and exsanguinated. The first branches of the mesenteric arteries and veins were removed carefully to protect the endothelial lining and cleared of the adherent fat and connective tissue in physiological salt solution (PSS). The vessels were then sliced into 2-4-mm long ring segments under microscopic observation, yielding two mesenteric arterial and venous rings. The endothelium in one of the arterial and venous rings was removed mechanically by turning a ring gently a few times on the tip of small forceps.
EXPERIMENTAL PROTOCOL
The preparations were mounted between two triangular stainless steel hooks in water-jacketed organ baths containing PSS 50 ml, which was maintained at 37 °C. One end of the hook was fixed to the base of the bath, while the other was attached to an isometric transducer (UL-10, Shinko Tsushin Co, Tokyo, Japan). Changes in the tension of the rings were recorded continuously using an amplifier (RP-5, Nihon Koden Inc, Tokyo, Japan) and pen-writing chart recorder (RJG-3004, Nihon Koden Inc). The muscle preparation was stretched to a resting tension of 300 mg (artery) and 150 mg (vein), and preincubated for at least 1 h in PSS.
After the resting tension became stable, both phasic (transient) and tonic (sustained) components of contraction were induced by administration of noradrenaline 10 96 mol litre
91
. If the tonic contraction did not stabilize after the phasic contraction, the preparation was discarded. Acetylcholine (ACh) 1 mol was then added to the control solution to assess the integrity of the endothelium. No relaxation in response to ACh in the denuded preparation was observed, thus indicating effective functional removal of the endothelium. Tissues with an intact endothelium which produced less than 40 % relaxation in response to ACh were also discarded. The rings were washed several times with fresh solution until they returned to a resting tension.
The . Finally, recovery was tested with ACh in the absence of propofol.
Calcium stores in the arterial and venous preparations without endothelium were depleted by repetitive application of caffeine 20 mmol litre 91 in Ca 2;
-free solution. The rings were then exposed to PSS containing Ca 2; 3.0 mmol litre 91 for 20 min, which is thought to completely fill intracellular Ca 2; stores. The preparations were superfused with the Ca . Drugs used in this study were as follows: propofol (Zeneca Pharmaceutical Co., Osaka, Japan), Intralipid (Otuka Pharmaceutical Co., Osaka, Japan), ACh (Daiichi Pharmaceutical Co., Osaka, Japan), noradrenaline (Sankyo Pharmaceutical Co., Tokyo, Japan), EGTA (Sigma Chemical Co., St Louis, MO, USA) and caffeine (Wako Pure Chemical Industries Ltd). Drugs were added to the bathing fluid and their volumes were less than 0.5 ml.
STATISTICAL ANALYSIS
Experimental values are expressed as mean (SEM). To evaluate the concentration dependency of propofol, an ANOVA test was applied, followed by Scheffe's multiple comparison test. Comparisons between endothelium-intact and endothelium-denuded groups, and arterial and venous groups, were made using Student's unpaired t test. Values of P : 0.05 were considered statistically significant.
Results
When volumes of Intralipid identical to the various concentrations of propofol were added in control experiments, there were no changes in noradrenaline, K fig. 1A, C) . However, propofol 3 10 96 mol litre 91 significantly dilated the mesenteric artery without endothelium. The maximum amplitudes of the noradrenalineinduced contractions of the veins with and without endothelium were 38.7 (1.4) and 41.8 (3.6) %, respectively, of the K ; stimulated control. Propofol also inhibited noradrenaline-induced contraction of veins with and without endothelium in a concentration-dependent manner ( fig. 1B, C) . Although the relaxant responses of the veins to propofol were significantly greater than those of the arteries, propofol produced similar responses in the arterial and venous preparations. EFFECT 
Discussion
The principal findings of this study were: propofol had constrictor and dilator effects on the mesenteric artery, produced vasodilatation in a concentrationdependent manner in the mesenteric vein significantly greater than that in the artery, attenuated arterial relaxation produced by ACh if endothelium was intact, and blocked the voltage-gated influx of extracellular Ca 2;
. With noradrenaline-induced contractions in the arterial preparations, propofol induced further contractions at lower concentrations (3 10
91
). It has been reported that propofol produced similar relaxation in thoracic aortic rings with or without endothelium regardless of whether or not they were precontracted with K ; or phenylephrine [6] . In contrast, it has also been reported that propofol 10 ) on canine endothelium-intact arteries [7] . A possible explanation is that the constricting effect of propofol was less in larger arteries, such as the aorta, than in peripheral arteries. At concentrations of 10 94 mol litre 91 or more, propofol was shown to decrease various types of contractions induced by different contractile agents.
The present study has demonstrated that the vasodilator effect of propofol was greater in veins than in arteries. This vasodilator effect could cause an increase in venous capacitance and a decrease in venous return to the heart at concentrations of 3 10 96 mol litre 91 or more. Kirkpatrick and colleagues reported that plasma concentrations of propofol in humans are approximately 2.0-5.0 10 95 mol litre 91 after induction of general anaesthesia [8] . It has also been reported that 97-99 % of propofol in vivo is bound to plasma proteins [9] and the concentration used in the present study may be greater than that used clinically. However, the ED50 of propofol for induction of anaesthesia in rabbits was 6.44 mg kg 91 [10] whereas the induction dose in human is usually 2.0-2.5 mg kg
. Muzi and colleagues reported that in humans, inhibition of venous tone was a major cause of hypotension during propofol anaesthesia [5] . The venous circulation contains a large component of the total blood volume in humans, with approximately 30 % of the total volume in the splanchnic venous circulation [11] . These findings indicate that propofol may produce a transient decrease in arterial pressure from venodilatation.
Stimulation of receptors by an agonist such as noradrenaline induces vascular smooth muscle contraction with or without activation of voltagedependent Ca 2; channels. In this study, propofol inhibited depolarization-induced contractions in a concentration-dependent manner. Chang and Davis reported that propofol produced vasodilatation as a result of block of voltage-gated influx of extracellular Ca 2; in rat thoracic aorta [6] . The present results further support this hypothesis that propofol may have Ca 2; channel blocking effects. While the role of the endothelium in modulating -free solution in arteries ( ) and veins ( ) (n ϭ 8).
the constrictor or dilator effects of many drugs has been demonstrated, its role in modifying the response to propofol is not well known. Because removal of the endothelium from mesenteric veins did not influence the relaxant effect of propofol significantly, our study suggests that endothelium does not play a major role in propofol-induced venous vasodilatation. EDRF has been identified as nitric oxide, which is released from the endothelium [12] . Propofol may not affect the endothelium or production of nitric oxide in rabbit mesenteric veins. Park, Lynch and Johns reported that propofol caused maximum arterial dilatation after approximately 4-8 min, followed by partial recovery of tension produced by gradual inhibition of nitric oxide production [13] . However, in the intact arterial rings in this study, propofol potentiated noradrenalineinduced continuous contractions at lesser concentrations, and decreased the continuous relaxation by ACh of noradrenaline-induced contractions. In rabbit mesenteric arteries, propofol may decrease endothelium-mediated relaxation by interfering with the production or action of nitric oxide.
The experiment of caffeine-induced contraction was performed to test if propofol-induced responses might involve intracellular Ca 2; release. Caffeine produces contractions induced by Ca 2; release from intracellular stores (sarcoplasmic reticulum) [14] . This caffeine-induced Ca 2; release is thought to be Ca 2;
-induced, Ca 2; release [15] . The present study has shown that propofol did not affect caffeineinduced contractions in denuded, Ca 2; reloaded arterial and venous rings. This indicated that this drug has no effect on intracellular Ca 2; stores in rabbit mesenteric arteries and veins.
In summary, we found that the dilator effect of propofol was more pronounced in veins than in arteries. This relaxation in both artery and vein may be caused by inhibition of the voltage-gated influx of extracellular Ca 2;
. Our study suggested that vasoconstriction of noradrenaline-induced arterial contraction by propofol was caused by the inhibition of EDRF from the endothelium.
